Abstract: We experimentally demonstrate a novel, simple, and efficient, temporal cavity soliton addressing scheme. Based on direct intensity modulation of the cavity driving field, temporal cavity solitons are excited or erased with single electrical addressing pulses.
Introduction
Temporal cavity solitons (CSs) are pulses of light that persist in driven nonlinear passive cavities [1, 2] such as fiber ring resonators and microresonators. They have applications in all-optical information processing [1] and frequency comb generation [3] . CSs can be controllably excited by applying suitable perturbations to the resonator continuous-wave (cw) steady-state [4] . Previously, temporal CSs have been excited by cross-phase modulation [1] , by scanning the cw driving field frequency across a resonance [3, 5] , and by applying direct phase modulation (PM) perturbations on the driving field [6] . However, each of these methods has certain drawbacks [6] , such as requiring an extra mode-locked laser, limited control over CS positioning, or, for the PM technique, the need to apply the perturbation synchronously over several roundtrips. Here, we report on an alternative method to address temporal CSs which relies on the direct intensity modulation of the cavity driving field. This method is much simpler and more efficient than previous schemes in that the process is controlled by only a single electrical addressing pulse.
Experimental set-up
A schematic of our experimental set-up is shown in Fig. 1 . Our fiber cavity consists of 100 m of single-mode optical fiber which is closed on itself by a 90/10 coupler. A narrow linewidth cw laser at 1550 nm, amplified to 1 W with an erbium-doped fiber amplifier (EDFA), coherently drives the cavity. The laser frequency is actively stabilized at a fixed detuning from a cavity resonance using an electronic PID feedback loop [6] . Before amplification, the cw driving beam is first phase modulated (PM) for synchronization purpose, i.e. to robustly trap CSs against environmental drifts [7] , and to facilitate CS erasure. Next comes the amplitude modulator (AM) that is used to trigger writing and erasing of temporal CSs. As only a single short modulation is needed for each operation, the periodic output of the pattern 978-1-943580-11-8/16/$31.00 ©2016 Optical Society of America generator (PG) driving the AM is sampled as required with an electronic switch. Both phase and intensity modulation profiles are made up of 70 ps (FWHM) electronic pulses that overlap in time and that are synchronized to the cavity free spectral range. The intra-cavity CS dynamics are monitored through a 99/1 output coupler with a 12 GHz real-time oscilloscope.
Results
Figure 2(a) illustrates the CS writing dynamics over 100 μs. At time t = 22 μs, a single 70 ps amplitude modulated trigger pulse (magenta line), with about 4 W peak power, is superimposed on the cw driving beam and sent into the cavity. About 2 μs later, a temporal structure (black lines) emerges from the cw background. The transient takes about 36 μs to settle into a stationary CS. In contrast, Fig. 2(b) presents the CS erasing dynamics. Thanks to the AM being synchronised with the PM, when the same trigger pulse (magenta line) is excited for a second time, it overlaps with the existing CS in the cavity. Immediately, the CS (black lines) starts to attenuate and dies off after 10 μs. Results in Figs. 2(a) and (b) clearly demonstrate single shot electronic triggering of both writing and erasing. In these figures, we also show results from numerical simulations with the experimental impulse response taken into consideration. To demonstrate the flexibility of the scheme, Fig. 2(c) depicts the manipulation of a three-CS pattern. During the first 5 s, only three phase modulation pulses separated by 300 ps are present. After 5 s, we excite three CSs on top of the phase pulses using three amplitude modulation writing pulses. The three CSs persist for 5 s until erasing pulses are sent into the cavity. The writing and erasing processes alternate for about 1 minute during which time the output displays a robust fidelity. 
Conclusion
To conclude, we have demonstrated a simple technique for the writing and erasing of temporal CSs by using intensity modulation of the cavity driving field. In addition to enabling more efficient addressing of CSs in fiber resonators, we believe the technique could potentially be modified to systematically generate CSs in monolithic microresonators. In this respect we note that our scheme works even though the 70 ps writing/erasing pulses are much longer than the temporal CSs, which here have a 2.6 ps duration.
